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This invention relates generally to electronic
" vacuum tube structures and systems, and more
particularly to broad band power tetrode oscil-
lators, capable of operation in the ultra-high
frequencies with high efficiency.

High power tetrode oscillators of the cavity

resonator type are well known in the art relating

to generation of ultra-high frequencies. One
such tetrode arrangement, which has become
known as the resnatron, and which has a theory
of operation similar to that of the class C osecil-
lator, has been found capable of delivering large
amounts of power at high efficiencies over a wide
band, in the ultra-high frequencies.
lating circuits of the device are cavities, which
may be integral with the electronic elements of
the tube.

In the usual resnatron structure two resonant
cavities are employed. One, called the cathode
cavity, is formed between the cathode and the
control grid of the tube, and the other, known
as the anode cavity, is formed between the anode

~‘and sereen grid of the tube,
" The electrodes of the tube normally form parts

of the cylindrical walls of the cavities and are

located substantially at positions of voltage
maxima, with relation to standing waves set up
in the cavities by oscillation of the tube, and the
electron stream travels radially of the cavities.
Transit times are arranged to be such that

" electrons are supplied with energy in the cathode
cavity and give up this energy in the anode
cavity, and the electrons are bunched, not by
velocity modulation, as in many ultra-high-fre-

quency oscillators, but in response directly to
The direct - current .

“grid - cathode potentials.
screen grid potential employed acts fo accelerate
electrons in the cathode cavity sufficiently to
eliminate transit-time problems encountered in
ultra-high-frequency triodes. The oscillators
are tuned by controlling the size of the cavities,
and oscillations are sustained by feeding back
energy from the anode cavity toc the cathode

cavity. By omitting feed-back the tube may be-

caused to operate as an amplifier,

Since the conventional resnatron employs two
cavities, which must be maintained critically
tuned to each other despite the high Q@ values
of the cavities, and more especially because of
the high powers at which the resnatron operates,
tuning problems are exceedingly difficult of solu-

" tion, and extremely complex structural arrange-
ments have, in the past, been resorted to for this
purpose. ‘ :

When resnatrons are utilized as oscillators,
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2 .
transit times at the operating voltages affect th
phase of the feed-back from the anode cavity to
the cathode cavity and these times become diffi-
fult to adjust. Usually an extremely large tran-
sit angle exists hetween cathode and control
electrode, because electrons leave the cathode
with small velocities. Further the electrong do
not constitute anode current until they have
passed the screen grid, so that transit time be-
tween control and screen grids must be consid-
ered. Measurements on conventional resnatrons
indicate that transit angles of 30 to 120 degrees
may be expected, depending on operating. volt-
ages and spacing of electrodes. Accordingly,
high efficiency operation involves difficult ad-
justments. :

Further difficulties exist by reason of the high
interelectrode capacities existent in conventional
resnatron tubes; which limit both the band width
and the upper frequency normally attainable.

It is an object of the present invention to pro-
vide a novel resnatron oscillator tube and system.

It is a further object of the invention to pro-
vide a novel ultra-high-frequency tube, operat-
ing as a class C oscillator in accordance with
principles employed in the conventional resna-
tron, but employing only a single resonant cavity.

It is a further object of the invention to pro-
vide a resnatron oscillator which is susceptible of
simplified tuning, and which requires no complex:
structural arrangement for tuning.

It is another object of the invention to pro-
vide a resnatron oscillator in which correct phas-
ing between the anode and cathode fields is
readily established. ’

It is still another object of the invention to
provide a resnatron oscillator capable of opera-
tion at higher frequencies than has heretofore
been the case, by reason of the low effective in-
terelectrode capacity established in the osecil-
lator, :

It is a further object of the invention to pro-
vide a novel ultra high frequency tube structure.

The above and still further objects, features
and advantages of the invention will become ap-
parent upon consideration of the following -de-
tailed description’ -of a specific embodiment
thereof, especially when taken in conjunction
with the accompanying drawing, wherein i

Figure 1 illustrates, largely in longitudinal sec-
tion, an ultra high frequency tube in accordance
with the invention, and

Figure 2 illustrates largely in longitudinal sec-
tion, a modification of the tube of Figure 1.

Briefly deseribed, reshatron .tubes in accord-
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ance with the present invention employ a single
resonant cavity which functions hoth as an anode
and cathode cavity. Thereby, the phase differ-
ence between the radio frequency field at the
anode and cathode is established by the orienta-
tion of these elements, and is zero in the pre-
ferred embodiment of my invention. The transit
distance may readily be selected to achieve max-
imum efficiency. The necessity for relative tun-
ing of two cavities is avoided, which eliminates
one extremely serious problem in conventional
resnatrons.. Further the - grid-cathode’ and
- anode-screen capacities are effectively in series,
which permits operation at higher frequencies
than is possible with conventional resnatron
structures, by enabling use of smaller inter-
electrode . spacings. S
Referring now more specifically to Figure 1
of the accompanying drawing, the reference nu-
meral | identifies a single cylindrical cavity hav-
ing a top wall 2, a lower wall 8 and a cylindriecal
side wall' 4. A portion 5 of the upper wall 2,
located co-axially of the cylindrical side wall 4,
is nosed in to form an anode §, the latter then
being integral with the cavity. structure.
ancde & may preferably be circular, when viewed
“in plan, in order to afford symmetry with re-
spect to the cylindrical side wall 4. Formed in
. the ‘anode wall, and co-axially with the anode §

is 8 depression or hollow 1, which serves to eollect &

electrons emitted from a cathode 8. The cath-
ode 8 is heated by means of a filament 8, associ-
ated with cathode 8 in conventional fashion.

A control electrode 18 is provided, in the form

of & dish having annular walls or skirts ({, with ?

its open end directed toward the anode 8. A
screen grid 12 is further provided, in the form
of an open dish having annular walls or skirts
{3, with its open end in the direction of cathode
8, and with its annular walls or skirts 13 overlying
the annular walls or skirts 11 of the control elec-
trode. 18, but spaced therefrom. Thereby is
formed an intergrid space 14, shielded from the
U. H. P fields existing in the cavity , but sub-
ject to D.-C. fields radially of the cavity, and in
the direction of travel of the electrons. .To en-
able passage of ‘the electrons emitted by the
cathode 2 to the anode depression 7, apertures
{5 and {8 co-axial with each other and with
cathode 8§ and anode depression 1, are provided
in control grid 16 and screen grid 2, respectively.
An inwardly extending annular rim 17, formed
about the aperture 18, and extending inwardly
of the intersrid cavity (4, is provided on the
screen grid 12, for electro-optical reasons.

The cathode 8 may be supportéd by a generally
eylindrical structure 18, which extends exter-
nally of the resonant cavity i, and which may
be provided with a flange-19 at its lower end, to

serve as a supvort for a glass seal 20, extending. g

from 2 suitable point of the outer surface of
the lower wall 3 of the cavity 1 to the upper
surface of the flange {9.  The cathode support
18 may extend internally of the cavity" | via a
cylindrical open passageway 21 formed by nos-
ing 'in a portion of the bottom wall 3 of the
cavity { to form an inwardly extending cylin-
drical wall 22, oven ended to permit access to
the cavity. :

The filament § may be supplied with heating
current over a .lead 23, which passes through
the cathode support 19 via a glass seal 24 formed
in -the under surface thereof. The remaining
filament terminal may be grounded to the cath-
ode support 18, which is insulated from the
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cavity structure f by the glass seal 20, and by
virtue of the spacing between the wall portion
29 and the outer surface of the cylindrical cath-
ode support (8. The eontrol electrode (0 may
be mounted on a metallic rod 25, passing through
a passageway 26 in the cathode support 18, and
providing a lead to the control electrode. The
passageway 26'is preferably of cylindrical cross-
section, and extends in a direction parallel to
the axis of the cathode support (8. The control
electrode lead and mounting 25 may be brought -
through the cathode support 18 by means of a
glass seal 27, and at a suitable place in the pas-
sageway 26, and.in contact with both the lead
95 or mounting and the inner wall of the pas-
sageway 26 may be placed. a choke bucket 28.

“The position of the choke bucket 28 is-so selected

that the conductor 25 and the inner wall of the

‘passageway 26 taken together form a choke for

currents at the frequency of the cavity, thereby
enabling thée. establishment of D.-C. insulation
for the grid lead 25 without excessive loss of
power, Similarly the space 2! between the cav-
ity wall 22 and the outer wall of the. cathode
support 18 is designed to form a choke for cur-
rents at the frequency of operation of the cavity
i to prevent transfer of energy externally of
the cavity via the space 21. . :

The screen grid 12 may be mounted on sup-
port arms. 88 and 31, the latter exfending
through the upper wall 2 of the cavity { via -
2 bellows 82, which, in well known fashion, en-
ables movement of the support arms 30 and
31 without affecting the vacuum within the cav-
ity 1. ) R
- Output power may be derived from the cavity -
{ by means of a loop 33 located within the cav-
ity, and having one-of iis terminals connected
to the inner cavity wall at any convenient point,
and its remaining terminal 34 brought exter-
nally of the cavity through a glass seal 35.

Control electrode 16 may be biased for Class
C operation by means of a potential source, -il-
lustrated merely for the sake of convenience as
a battery 38, and connected with its negative
terminal to the lead 25 and with its positive.ter-
minal to the cathode support. 18. The anode 6
may be maintained at a suitable positive poten-
tial with respect to the cathode 8 by means of
a voltage source, illustrated merely for purposes
of simplification and convenience as 2 -battery
31, connected between the cathode support (9
and any wall of the cavity. The screen grid {2
may be maintained at the same voltage as the-
anode & by means of a- wiping contact 38, secured
to the support arm 38, and maintained in con-
tact with the inner eylindrical wall of the cavity
! for all positions of the screen grid 12. o

The cavity | may be tuned by motion of the
screen grid 12 from and towards the anode. 8§,
this motion. heing accomplished by moving the

support arms 30 and 21, from externally of the - :

cavity via bellows 32, This variation in.tuning

- proceeds by virtue of the fact that variation of

70

76

position of any metallic mass within a resonant
cavity gives rises to variations. of the- tuning
thereof, and further by reason of phase changes
in anode eurrent, which are controllable by the
position of the screen grid of a resnatron oscilla~
tor. The phase difference between the radio fre-
queney. fields at the cathode and anode are. €s-
tablished by the construction of the system, the
latter two elements being immovable, and the
phase difference may be so selected as to. estab-
lish maximum efficiency.- The total capacity in-
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troduced into: the resonator | by the presence of
the cathode and grid structures is at a minimum
by reason of the fact that the capacity between
the control electrode {0 and the cathode 8- is

in series with the capacity between anode § and

‘screen-grid 12, the total capacity being thus es-
tablished at a value less than either of the ca-
pacities mentioned.

It will be noted that tuning of the cavity may

be achieved by means of a single control, which '

simultaneously establishes all the resonant. fre-
quencies of the system, and that the tracking of
the tuning of two cavities, which is necessary in
resnatrons constructed in accordance with prior
art principles, is totally avoided. Furthermore,
tuning of the cavity is achieved without motion
of any one surface which carries radio frequency
currents with respect to another sueh surface
while in direct contact with that other sur-
face. .

Por optimum operation the distance between a
point midway of the anode screen grid gap of
the tube, and a point midway of the cathode
control grid gap must be established such that

the transit angle of electrons passing between:

-the cathode and the anode is an odd multiple of =
‘radians, at the frequency of operation of the
system, since thereby electrons passing through
.the cathode grid gap at a positive peak of transit

angle will arrive midway of the screen grid anode

gap at a corresponding negative peak value
later.

The strueture of the control grid 18 and screen
grid 12, and their overlapping skirts {1 and 13,
is such as to provide a well shielded intergrid
space |4, within which the electron beam passing
to the cathode is accelerated substantially to
~anode voltage without phase change due .to. the
radio frequency field. The structure of the cath-

ode 8, the apertures 15 and 16 and the skirt 177

about the aperture 16 is designed to provide suit-
able electron optical parameters to establish a
concentrated cylindrical beam of electrons with-
in the screen anode gap.

Reference is now made to Pigure 2 of the sc~
companying drawing, wherein is illustrated a
modification of the system of Figure 1, which op-

-erates in accordance with the same general princi-
ples, hut which presents certain refinements and
variations of construction. - v

A single cylindrieal cavity 41 is employed, hav-
ing a cathode filament 42, a cathode body 43, a
control electrode 44, an accelerator or screen
grid 45, and an anode 46. The cavity 41 is pro-
vided with a top wall 41, and a cylindrical side

~wall 48, but is open at its bottorm end, as at 49.
The anode 46 may be constructed identically with
the anode 6 of Figure 1. An evacuating lead 50
may be provided at a convenient point of the
side wall 48, to enable maintenance of the neces-
sary vacuum within the cavity 41.

The control electrode 44 may be provided in

the form of a dish with a central opening 5i

through which an electron beam may pass. Simi-
larly the screen grid or accelerator 45 may take
the form of an open dish having an annular,
downwardly depending skirt 52, which extends be~
low, the level of the control electrode 44 and
outside the latter. The screen grid 45 may fur-
ther comprise an axial aperture 53, aligned with
the aperture 41, for passage for the electron
beam generated during operation of the system.
Thereby is formed an intergrid space 54, shielded
from the ultra-high-frequency fields existing in
the cavity 41, and within which the electron

6
beam is subject to direct current accelerating po-
tentials. : o
The cathode filament 42 may be supported by
the cathode body 43, in conventional fashion, the
latter forming part of a generally cylindrical

"-support structure 55, which extends externally
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of the cavity 41, via opening 49, and which may
be provided with a flange 56 at its lower end,
the latter being external to the cavity 41, and
radially overlapping the cylindrical walls. A fur-
ther flange 571 may be provided externally of the
wall 48, and secured thereto, at a convenient
location intermediate upper wall 47 and opening
48. The flange 57 may then be utilized as a sup-
port for the flange 56, by virtue of an insulating
seal 58, fabricated of suitable glass or other suit-
able seal forming material, of generally cylin-
drical shape, and feathered into the flange 57
at its upper edge and into the flange 56 at its
lower edge.

The filament 42 may be supplied with heating:
current over g lead 59, which passes through the

support structure §5 via a glass seal §0 formed

in the flange §6. The remaining filament ter-
minal 6f may be grounded to the support struc-
ture 55, since the latter is insulated from the

-cavity structure 41 by the seal 58, and serves as

a ground for filament 42. :
The control electrode 44 may be fixed spaced
with respect to the cathode body 48 and the fila-
ment 42, and may be mounted on a metallic rod
81, passing through a longitudinally extending
passageway 62 in the support 55, and externally of
the evacuated system via a glass seal 63. The
metallic rod 81 then provides a lead to contro
electrode 44. :
The passageway 62 is preferably of cylindrical
cross-section, and of sufficiently great cross-sec-
tion to contain a radio frequency choke 64, open
adjacent the upper wall of support 55 and shorted
to the metallic rod 81 at its lower end. Radio
frequency choke 64 prevents leakage of radio
frequency currents down the passageway 62, and
provides an efficient mode of direct-current in-

~ sulating the metallic rod 81, since the radio fre-

quency choke €4 is not in contact with the sup-
port 55.

No. supporting structure for screen grid or
accelerator 45 is illustrated in Pigure 2, it being
clear that the expedient illustrated in Figure 1
is suitable for this purpose if desired. Alterna-
tively, and as illustrated in Figure 2, the screen
or accelerator 46 may be supported in fixed posi-
tion by means of metallic tubing 65, coiled inside
the grid structure and passing through the c¢ylin-
drical wall 48 of the structure. The metallic tub-
ing 65 may then be employed for conducting cool-
ing fluid for cooling the screen or accelerator 45,
and for conducting to the sereen or accelerator 45
the requisite direct-current voltage. In the illus-

- trated embodiment the tubing 65 passes directly

65

70

75

through the metallic wall 48, and operates there-
by to maintain screen or accelerator 45 at the
same direct-current potential as anode 46. If
desired the tubing 65 may be brought through
wall 48 via insulated vacuum seals to enable
screen or accelerator 45 to be maintained at a
direct-current potential different than that of
anode 46. .

Cooling fluid for the cathode structure of the
system is supplied via a duct 66 to the vicinity
of the filament 42, and then returns via a duct
67, the ducts 66 and 67 being formed in the sup-
port structure 55.

A duct 68, for bringing cooling fluid to anode
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.46, may be provided, extending"through: the top
wall 69 of a metallic cylindrical superstructure
10, supported on top wall -41.. The duct 68 ex-
“tends co-axially with anode 46, and into the
nosed in anode structure. A further duect 7 is
provided for egress of ‘the cooling fiuid. The
‘superstructure 7¢ is at the same direct-current
potential as the anode 46, and a direct-current
anode - lead - 12 may accordingly ke connected
-thereto. 2 : : ’ )
- “Additionally an aperture 14 may be provided
in wall 47, and a further aperture 75 in the cylin-
driesl wall of superstructure 10, between which
extends the outer conductor 76 of a  co-axial
transmission line 771, The inner end of the line
17 may terminate in a coupling loop 78, internally
of the cavity 41, while the line 11, at its outer
. end may comprise a vacuum seal 78, externally
of the 'superstructure . 10." S o
The theory of operation of the systems-illus-
trated in Figures 1 and 2 is-the same, and hence
the spacings of tube elements, and the dimension-
ing of ultra-high~frequency components may be
derived from the same design. considerations in
each embodiment of the invention. ‘
_While I have described -one specific embedi-
ment of my invention, it will be clear that vari-
ations of structure may be resorted to without
departing from the true scope of the invention as
defined by the appended. claims.
‘T claim as my invention: . .
1. A “resnatron comprising a single cavity
resonator having cylindrical symmetry, a cathode
extending within one end -wall of said cavity
resonator, an anode comprised of the ofher end

wall of said cavity resonator, a control electrode;.

:said control electrode comprising a: disc having
an axial aperture and an annular skirt, means
“mounting said .control electrode at a.predeter~
mined distance from said cathode, a screen elec-
trode, means movably mounting said screen elec-
trode between said anode and said control elec-

“trode, said sereen electrode comprising & ‘disc .

having an axial aperture and an annular skirt

overlapping -said first mentioned ‘annular. skirt °

and insulated therefrom, said cathode, anode and
apertures being aligned with the axis.of sym-
metry of said single cavity resonator, said cathiode
control electrode, sereen electrode and anode be-
ine mutually insulated from one another for di-
- rect-current -voltages. : : e

8 ‘

2. In a tetrode electronic. tube, a single cavity
resonator, said single .cavity resonator having
cylindrical - symmetry -about =& predetermined
axis, an anode comprised of a portion of an end
wall of said’ cavity, said anode having circular

| symmetry about said axis, a circular aperture in
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another end wall of said cavity, said. circular
aperture being symmetrical with respect to said
‘axis, a cathode means mounting said cathode
in said circular aperture and symmetrically. with
respect to said axis, a control electrode, means
for mounting said control-electrode intermediate
said cathode and anode and insulatedly with re-
spect to said cathode and anode, said control
electrode having an aperture for passage of elec-
trons, said control-electrode possessing circular
symmetry with respect -to said axis with the
aperture therein aligned with said axis, a screen
electrode baving an aperture for passage of elec-
trons; means for mounting said screen electrode
between said anode and said control electrode,
said screen electrode possessing -circular  sym-
metry with respect to said axis with the aperture
therein aligned with said axis, means connected
to said screen electrode for varying the spacing
between -said- screen elecirode and said anode.
3. The combination in accordance with claim
9 wherein said screen and control electrodes com-
prise mutually-overlapping -skirts for- insulating
the space between said screen and control elec~
trodes with respect to high-frequency relectric
fields in said single cavity resonator. S
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